
.

lA-UR- 94-3611

Tit/[

Author(s)

Submikl to:

ACCURATE SOLUTION ALGORITHMS FOR
INCOMPRESSIBLEMUL’I’IPHASEFLOWS

W. J. Rider

I D. B. Kothe
5. J. MOSSCJ

J. H. Cerutti

AIAA Aerospace science.?Meeting
Reno, NV
January 9-12, 1995

LosAlamos
NATIONAL LA BfIRA TORY

u JUIUIN 01 JIM WMIMfNT Is lJtiI.Jfi!Ilfn
I (]s AI,IIIIW N,IIIOIM I iitwimry, iIII #fwmai*w, ,1(II(III aIqII,II WIXIIiIIrIIIy vrnpldyol, IS, IJIII!I,IIIMI hv W) I huw?rsltyof C;lltfnrrll,mft)r 1111,! I :; I ),II),II I,IM,, II ()! I m,r(lb
1, Idnr mIIlri Icl W 740r} I h ; 36 IIy wc!!pl,mc,, (II 1111.,;Irl I!,lII III!, Imhklm WC(, jIIIW.; Ihi II 11111I I !; (; OVIWMIII II ,I!I; II, W: ii II(Ir I, II, II J,,IW, ?(IY III” !!,,,: ~~,,, !,,

puhhsh or IqY I-UIWX! 1110 r. ..!,shwj Iurm Uf IhIS UJrIIIILIi)I,orl ,1, I,, ., II,,W ,,ll,,,,,. ,,, A,, .,, ,,.. I o C. . . . ..... .... ..... . . .

.

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



.

ACCURATE SOLUTION Awoimms FOR

MJLTIPHASE FLOWS “

INCOMPRESSI13LE

\\:illitlm ,1. I{i(lm. lhMIclw l). liutlw. S. Jay MOWJ. .IIJIIII ,1. ( ‘milt i.

1.(M .\lamcM Sfil h)liiil Litlmrat my

1AM .\hUlllJS. sow llmim. NW;. I .s.4

;lIIII

.hJhll :. ll(whst~’ill

Jlwll;lnic;l] l[nrglmwml~jg Ih’l)ilrl 111(.11[

\lf*ltll)lljs Still(s I.llivtvwily

llmllphis. 1.S. 3S132. I. S.\

orltd)tv

.\lJSt IW(’t

,\ nuildll’r id’ adv:um’s ill lllldldin~ mulit phnrw IIImII-

Imwill]c, llIIw :Iro ,Iw-rilwtl. “llw :dwmm induh
high- imlt’r ( hdilnnv projvri hm IINII INMIN. pimwvirw lin-
t,;lr illli~rf;lrr rl.t.llll~trll[.titlll :11111Irnrkillg ;IIIIIIIII.IWIII.

Iitluulll surfnw frmw II MJIICI1.I(xnmplm :IrtI giww.

I. 111trmluctil~

1!1. 1!1!) I



1{idm. Kotht*. lhnew. ~“c.rulti nml llorhnl~in

II. Proj(*(.tiou/C;()([lll]()v\I(*tl~(](ls”.—. —.

r . II = f], (11))

A
it~l

v t- II . V,l = l), (Ill)
[1/

ilf
;,, I II v{ (1. ( 11’)



,

Iil,l,.r. l(IJl III,. \llwi41.

. ,1+1r.J- V. = >._
,,fl + * AI

. n+l = (“,_M I
II –—T.,l”’+: (V4V’”))-’~/’”+ ~

[11”- JtI-.(,,,,,”++- AI
-- v,:)”’-+
}“ --~

1 NtJitF”++ t--— r.jl-+~ (VII+ vu’ )“ 1? 11++
f’

Ill 1,.rllw (If n I,r,’ssllr(. l’(,isw,ll l.,lll:lll,lil. 1111. liIIIII Llr

llI(s ?I*III lI:It IIl si~h, wf)lll(l l,!,

~ (-;_lr ,,”++ (Vll - m’”.l”++

11”“,
- rllllll”+~ -F’’”+++ ~~,

r:wy :11111slnl)ilily tlf(.:ilclll;illt)lls. “1his is ~’spl’ri:ll]y Irm’

ill s(,vi,r:il rnst’s: I:mgt’ ll~!nsity ,lullll~h. Ilrnl slmrrv Imtls

(SIICII :u4Sllrf;lrr 1(’llt+itnl) :IIId hw ltIIIK Ilmll ili14,gr:llil]lls.

I’lwr,’ Iillt r~ ml’ IIvsrril){vl llltmt I’lilly ill [X, 1[)]
“1”11!’IISII flr Illm)llt’r:llljr sl)lil Iligll.lmh’r ( ;,JIIIIIIIW :ul-

vrrlifm is ;IISII ill]l)tml:lnl III lb II II II III NI”S *I IrrfINs, [“lli~

1]11’1IV III :Iw)ifls l!l~’ II.*’ tlf iq)lwll~lr : iliillillg :111(1:Ilhnva
flu’ ,.lulsislrlll list’ of Iligll-lmlt,r iIIIIIIIIIIIIIII :l~lwv.liiul

ill ill(.l)lilllrf’ssilll{’ Ilfnvs. I“IIQ’ lll,’1 111111;11s4)11:1sI,XW1.
I,vII lIII; ISIS,.rr,,r ],rt,lwrt i,,s :ItlIl rf,llll,:lr,,s f:lw,ril,ly willl

Iliglw’r ,Irllm I{lltlgwl(lltl:i 1111.III(NIs,111lyl,i~”:ll ~ri,ls.

SI);irt. [l~ws INJ1 Iwrlllll ;Itt :ItlivlII,4~, ,I,w.rillli(]ll III’

111P IIMIIIIIMI :111~1gINMl (lmrril~li~jtls :Il]lu,;lr ill >I,tf.r:l]

s,,llr,vs [11, Ii. I 12, Y. S1. “1”11, Imwr I),,illl III’ Ill,,

1111’1111111is Ill illlllll’ltll’tll ;1 S!wtul,l-,mh,r “I”:ly!!jr w,rim

ill 1111111Iimv :Illil SII:II-ll I,XlI;II IhIIIII Lw 11111111’IIIWIIIUII
v:lri:ll)ll,s Ill 1111111i!lilllf’llsi( jll;ll firllt. \m:lr:lllllf,s :Irf. rfltl

*lrl14.l[ql IIJ rt.1].lvl~tw (will,r,, Illt,} will lit, llllllli~:llll!.(1)

:111(1Ilm llw llpwin~l Valllrx ;Irl’ llrlqmwlt~vl itl Illt, , 1111
Iit,tl. I)llrlllg Illis Ilrlm’,lllrr IIM. ,111111111.1,. I,lrl. rl Ilr 1111.

g,)vt.rtlllllg f,tlll;lli4)lls i~ Ilsml III ;Il)])r[millml,, I 11P Iilllt,

!lf.riv;lliv4,k (w)llrrt. Itmlw. I)rtwltr[, gr;l~lit,llls :11,11 1III.

:1

( “t,rulll :iIIIllltN’lIslI,llI

,i s:–-ll.vj=lt. (la)
, It

I .7 fl:lrryill~ illll,: fnrr (Ir “-C[JkJr..in-wlhm, ,r IS WIII II. w,a .,

~mll:lli,)ll. ;\IJ ,O,llliv:lh’1’l CIIII;IIII, II ((Jr ilwmnpressihlc
lll)\vs 1-

;Ij
-+r, (llj). =fl, (4t))
1)/

slll~.~’T II := II.

:\ I);lrl ir!~’ IIU.I II(NI is 1)~’rh:ll~s Ill!’ Ilmst straight-

(I,rw;lr[l, ,Ir:lwlllg Il;,tm rm-,,111 ;I{IV;IIICV’S ill l’1(.~ dK(J-

rithl]ls [13]. I’nrlirh’s :Irt’ ;wign!vl n IIIMN arcorcling 10

t hr lhvwity IJrl III, 1111111ill wllil.11 llIfy rrsi(h’ imd a volume

( Ilrtlrv siz,’) :Irrlmiilig III I ht. lnt,vl~id;ll ion function chu-

s4.11It) illl(vlj(d;llt, IIII;IIII Iii!,: III ;It]tl fri~lll Ilw cmnpula-

li[lllnl grill, \Yllil#, 1111sII WIIMMI I,rfwltlos a mpmior mUl-

I i~lilll(’l]sl,ltl:ll qri,l.itl~lt’111.l]tl,.111 ;I,lv!”rlll]ll srhmm’, Iherr

art’ w- :1 rmllll wuiv’ Ilr;ll’lir;ll [Iillirllllios. nmnfly Ilw

r(wl :IIIil :Ilv.llr:try ;ISIWI; III,II wilt: llltlq~[ditlin~ lhc par-

Ilclt, illf,)rlll:lll,,ll I,, :111 I.11]1,.rlilll ~ri,l [Il. i;]

Sillll)ly ,Iiw.r!.llsil]g [ I ) willl n Iligh rvsolulicm linilv

~lllh’llrl’ WhmIt I is Iluifv nl)pdilm. AII advr’rli(Jn d-
jgorillllll is lyl)ir;llly ;III illll,gr:li I):lrl [Jr:1Il{)w~dwr.
“I”his i~ fl~~lw ill llw IIIvI INMIM Imwvltml ill [1, Ifi]. ;,Frolll
1111*:I~lv;IIIIv’s ill Iligll sl){vvl Ihms ill Ilw 1:1s1IIrrmlo, Ihorlh

.
;Irv :1 11111111)~.rof IIM4111MIS III;II lllll]lllti:n~ Ilullmir;, I tlis-

silmli(jll. .\IJ 4sx:IlIIlIlI” IJ~ Illis ;Irl’ Iligh-[mlrr ( ;(J(IIIIIIIV
II IIVIHMIS ill Imrlirlll; lr I’1’\l [17, ISI,

l’rtddmls WII II I III’ 11111111’rif.:11flissilml i~m (Imdillg tII n

Illirli!,hilll{ llll,,r~:l,v.) III(1 rtwwr,.lms III l~rlllJtW* :111iuge
lliltll~ ivnlllmjllliw~, ‘1-111*IIIWII s44 1111.IIIIMIs IINII(I IN- itu-
II! IVIIIWII.11 \Vllh fhl. WIIJW IIi[rl,tltlll.l. [lV’~111111111’S:llrli:lll~

Al IhIVIIIIIIIIVl I’(lr :I,lvvrli(m, hi wilh(Jul dlnwing IIIV
[“II,. 11111.r[:lrl,is ,1,.lillwl ;IH [II(* Zt,rf)illlf’rf:lfv’ III sllllwr,



low-l SW of n dislanc~ funcl mn. ~“. frlml I hnl inld:wr.

III*IA l)f [.1). 111Pfu!lmvlllg 1,1[111111,,11Is xll\c.li

wlrrt, 11111IIIIIt mmlml n,

1;
II ... -.

:Iq ‘



l{idt’r. h,~l III,. \ltKw J. ( “iml[ [i ;II1(I IIWIISII, III

.:

j, = ~ J,., .S’’”lr: -,’,:lll.s’’’ (!,; -.r,j:h) .

(12)

H = nw I.(IS IL.,, F /wsill (L,, , (13)



1“. .Ugorithm SlmmRl:.——.

r(:dnnfw/P171Jt f’tll)ll .Ilf l~ldAlqmithm 1 ,

1.

.-).

::,

.1

.

.1.

1;.

i.

N.

!).

111.

Sword rImIIIIIml:, JIrII ill ,Irilm ro~nrlliug I Iw tlwl IIIMI

w Iw. III” ~l:dlility rml rid ilvl IMI I11P IIIISIhtnl i~ I III’

41111 III’ 111(sIlllllill ( “).1 nw rwt ilm :11111llIr wxl rlrl ion

lInHId 1111I Iw rnl~illnry wrw NpIwl. I.inmr nl~olm IS

rIIIIIINIt, Ylm4ing itIIllllti~i{l Mwl hid, ( hlr Iijr I hi ●111*11’

lmwiuru OqunLiun~ Imd n m-old IIIPI 111111for I lw rtmldtvl
vl.liwily dilruhifm Cwlllilti(lll!l. [hlr :nlw’rli!m llv~llli,it 1+

Iruwl (III ,1var;rmt(J I ht. 1’1)11 nwt hod ( us~ PPM M the

1,IiI’-tliIIII.IISiI III.,l lmilll.n~ Id, wk fi,r I hv umqdiL schm::e).
\.IJunn, t r:wking i~ ,v,nlput!,,l uwng 1111unsplit methods
11-111~fl lll(JlliliAl V1.r$iillll IIf llilli(Wl iIll(l l%lCkdL’S f~t

bvht wluima nlwlril 11111.

\-I. Xlltiwric;d ExmmlH

Ilofi. wt. Will lmwml I hrw nuilw,rirnl t~.iiinlpl~ fo LIW

II IMIIIUIS w,. II:wi, Ilw-rilllvl. III(I tinu rxnmple is a drop
r:llling inlt, n ln,,d :11111Ill, *uI,*,IIuI.111 q)l~ll. (lur H-
, NI!I I~rl)IJIWI1 is ;I II ;lylc,i~ll-”1.iiylor ln~iahility. Finally,

WI. AI!IW :i Kt,lvln Ili’ltidmltz inx[:lhili[y ,nx an idedized
IIIJW III wiml twm wnld,r.

“1.hr IIHqI :III,i Nplnsh i~ NW in a 1 x 1 hox with the
~lrIqs :Iml III till Iltmsify Ij,’ing XIII) I inlm higher than the
r,*l td. I ht. Ilw(liunl. “Ilv ,I:t)l, hn~ IL rmliuu of 0.15 and
is WII :11111..I().IJ.7qI Inrh I,,mll,lary IM rI w-did wdi, The
I.III 111,IIlal I ,II; II~rill is 12S x 12S. :1:111is R[ ml iuitially.

I III” 1111111Iww,-s I III’ IIIN IIJIII 1,f I III* lomain and haa m
cIcqIlh II( O.X ullils. 1111.hIS:Lvy fluid IUIX m visrxwiily
I lIal is WI?..-I I illl. * Ilighl,r I II:Iu I ht. surrlmnding dium.

IVIC-Iligh ,I,wsity liui,i viw (mily im(J.IJOI nnd the Bond
nlllldlc’r. lpylt2/m. IS I(J[)(I. [ ir:tvl!y IS *s1 m -1. The
wntl ;l(lllt~l[))i IIIt Jtit4 IS IINA with :UIII quilibrium anxle

IIf 13 tlvgrw~.

“l”hi” I{nylc.iull-l.;lyltlr inslal,ilily sinml~tm tir above

lll’lililll glYlll~il lil’llsll~ r:llilll)f7.2fi:1. .Ilrnir’mviscm
Ity i~ l.[)li Iillm lnr~rr tlliiii tlw Iwiiunl. Thecompukr
Iiumd ~rid is (;I x 2.lli. [II 1111-hlmzmltal direcLion thr
tl[)lllnlr~ i~ll,lrii)tli,.. (iravilyiNw~i 10-1. A ptwurbatio[,

i~ :qqlliwl It) tlw W’rtil.id vvhwily llf

1’ = 11.ou5[rlw[2r#) + 1] .

‘11111rrdrulnl inn W* m) tmrfnrv I ml~ion.
l.ht’ Ihird Imhhvll IN ii hl’lvill-ll,lllll]loltx instability.

11111ldpir:d Imqwrt i.w :Iru tho wmw tur the firstprob
1,*111. I.IMI hmwr Imrt Id’ I IMI (It]llmin is Iillvd with waler

Wllh ;I;: :IIMIVC’. I.lw “Illlllllllill lllllfll grid i~ 256 X 64. In
I III* Il,mz,,lll:d tlirc.rl IIIn I III”lllJllliiili in pwiwlic. (.irmrity

IN W! ill -1. .\ Iwrl urlml itm is :Il)i,lil c1Ii) t Iw vrrlird

vvhwlly 11[

1’ = ILl)(lfi[rlm(yxrl + l].

Surrnro Icqmi(}ll i~ nlqdiwl III I III* lmddrm

J-II. k=lltlm’Dir(’(’timti

R(t’(’r(’11(”(%

[1] J. Il. 11(41aml l). l.. lln ..IItI.,i

yrlic}ll Illrlhiml vnriill)Il~llt”i,Nity

f .Iwqnlf,lllf)md I’hmfl”% 11)1::1:1I

.dwml-onkr po-
IIOWH. Am-d Uf
:Hft,I W2.



I{itl,,rm KIIIIII.. IIIFWI. [ “c.rulli :11111III., !ISII.,,1

b=
I

i

!
,
I

1

I

,

I

(11)/)11”+ I

i



X...-
[,1) f = :t,w [11) f = I.ln)

“



1
.-. --- ..-

.

,..
.-. -.—. - L/

. .
.-.. . —. -

----— .-



I? IIII r ht.tilt \lI-w I. f “I ru:ll .IIIII II IM-IIMc.111

.\. S. AIIIIWII. J. Ii. lh,ll. XII,I \\. f i S/.vm-

,.z;lk .\ Ilunl,,riral IIwIlu~Il L,r IIIC. llli.,llllllrl.-~ll,l,.

\:lvlc’r-St,)km ,VlUiIIIIUISI,:w,l INI ;III;Il,l,rtmlill:ill.

Ilrll.lcrllllll“lcx-hnir:il I{tq,fml 1“(’11[. J(C ] 12x.12.

I.:IWPWW I.lvi,rllliw Xnlir,n;d l.:il,imnl, wy. 1!1!1:{.

\Y. J. Ilidt’r. The rnhmu fimlmialion ~If :111-
pmximalr prujrr[iun lliC’1 111)11* fi)r inrrulllmwuhlr

Ihmw. Twlmirai Ilt*pnrt I.:i I. 11 :{[)I % I.IH; ..\lmntN
Snl i(mnl I.ahorrilmy. I!I!M. .ivnilnhlo ,W \YrA1

\Vi~lv \Yt’h :11 http: //www. c3.1anl. gov/cic3-
/publications/main. chtml.

\\. J. Ifidrr. Fittmmg wmwdtvmdnl mod-

in mmwrirnl tiduriom IJ itlt.llilll~~’*llllc’ lhmw.
“1.t,rhllir;d ltrpnrt i.,\ [.1{ 31j11. I.IJN ,\lmIItM Sa-

lilJllnl bIIJorRt(>r~. l!)!).!. .}vnilnlk IW \Yidd

\Yidr \YA~ tit http: //ww. c3.1anl. gov/cic3-
/publications/main. ●html.

-I:1;

:111

.1;:

:1%:

[w]

p.1]

1,,



!I d. r, h .IIII \l --- I I , ruII. I:PI Il. I II-I, III

II


